The mean lifetimes of the 3 He 20 Ne 2ϩ and 3 He 22 Ne 2ϩ isotopes of the HeNe 2ϩ molecular ion have been measured to be 55Ϯ10 ns and 72Ϯ14 ns, respectively. These mean lifetimes are similar to each other and about a factor of 3 smaller than the previously reported mean lifetime of the most abundant 4 He 20 Ne 2ϩ isotope. The small differences between the mean lifetimes of the different isotopes suggest that the long-lived HeNe 2ϩ decays mainly by dipole electronic transitions to lower dissociating states. We have performed multireference configuration interaction ͑MRCI͒ calculations of the HeNe 2ϩ ground state and many excited electronic states. The electronic ground state is found to be metastable and deep enough to sustain a single vibrational state in contrast to previous calculations. However, its calculated mean lifetime is ϳ11 ps which is too short to be detected in our experiments. Excited states associated with the He ϩ Ne 2ϩ dissociation limits are bound by the long-range interaction between Ne 2ϩ and polarized He. Similarly, the lowest state associated with a He 2ϩ ϩ Ne dissociation limit is also bound by long-range interaction. Due to an avoided crossing, the singlet state correlating with the first excited He ϩ ϩ Ne ϩ limit is metastable. These states decay mainly by dipole electronic transitions to lower dissociating states. Decay rate calculations suggest five possible electronic states which are in agreement with the measured values. ͓S1050-2947͑97͒05608-4͔
PACS number͑s͒: 31.50.ϩw, 34.50.Gb
I. INTRODUCTION
A couple of years ago, we reported that long-lived states of 4 He 20 Ne 2ϩ are formed in charge-stripping collisions between 900 keV 4 He 20 Ne ϩ and Ar atoms, and that the mean lifetime of the most abundant isotope is 184Ϯ32 ns ͓1͔. At that time the low-lying 1 ⌺ ϩ electronic states of this molecular ion had been investigated using configuration interaction ͓2͔ and many-body perturbation ͓3͔ theories. Only the lowest of these states has a local minimum, but the calculated potential-energy curves are too shallow to support any vibrational levels. Thus, it was suggested that the observed longlived HeNe 2ϩ was formed in bound or metastable highly excited electronic states ͓1͔. In particular, states of different symmetry than the 1 ⌺ ϩ symmetry of the electronic ground state were considered to be likely candidates. This was based on the assumption that states of the same symmetry will decay to the ground state and dissociate much faster than the measured mean lifetime.
Not only was the long-lived electronic state not identified, but also the decay mechanism of the HeNe 2ϩ was then unknown. It is possible that these molecular ions are formed in a bound excited state and then decay by dipole transitions to a lower unbound state which then rapidly dissociates. Given the long mean lifetimes, i.e., the small transition rates, this implies that the initial and final states are only weakly coupled. Another possibility is that a metastable state is populated for which dipole transitions are either forbidden or very slow. This metastable state then decays by tunneling through the potential-energy barrier. For the latter decay mechanism, large isotopic effects are expected as a result of the shift of the vibrational energy levels caused by the change of the reduced mass. Thus, mean lifetime measurements of different isotopes can indicate which decay mechanism is more likely. Such measurements have been used recently to determine the decay mechanism of NeAr 2ϩ ͓4͔. In Sec. II measurements of the mean lifetimes of two other HeNe 2ϩ isotopes, namely, 3 He 20 Ne 2ϩ and 3 He 22 Ne 2ϩ , are presented. These measurements were done using the same method we used previously ͓1͔, and the results discussed in Sec. IV suggest that the long-lived HeNe 2ϩ decays by dipole transitions to lower dissociating states.
In order to determine which state of the HeNe 2ϩ molecular ion was the measured long-lived one, we have performed extensive ab initio multireference configuration interaction calculations which are described in Sec. III A. The local minimum of the newly calculated ground electronic state is much deeper than suggested by previous calculations ͓2,3͔. This local minimum can sustain a single vibrational state. Its mean lifetime, however, is too short to be detected in our measurements. Among the calculated potential-energy curves there are a few possible long-lived states. We have calculated the decay rates by tunneling and by dipole transitions of all those bound and metastable states ͑see Sec. III B͒. The calculated mean lifetimes are compared to the measured ones in Sec. IV. The mean lifetimes of the  3 He  20 Ne  2ϩ and  3 He   22   Ne   2ϩ isotopes have been determined using the same experimental method that was used by us previously to measure the most abundant 4 He 20 Ne 2ϩ isotope ͓1͔, thus it will be described only briefly. The HeNe 2ϩ molecular ions were formed by charged-stripping collisions of 900 keV HeNe ϩ with Ar. The different isotopes of the HeNe ϩ parent molecular ions were formed in the accelerator rf ion source which contained a mixture of He and Ne isotopes. The isotope of interest in each measurement was then selected by an analyzing magnet and directed through the differentially pumped target cell. The doubly charged molecular ions thus formed were then deflected toward a surface barrier detector by a parallel plate electrostatic analyzer. The number of HeNe 2ϩ which dissociated in flight after the analyzer was determined from the number of He fragments detected. These fragments have only a small fraction of the beam energy ( Ne 2ϩ , for example͒ and can be distinguished from the other fragments, molecules, and atoms taking advantage of the fact that the detector produces a signal proportional to the particle energy. To assure that the He fragments will not coincide with the Ne fragment from the dissociation of the same molecule a mask covering half the detector was used. ͑Note that the fragments of a diatomic molecule move in opposite directions in the center-of-mass frame, and thus, if half the detector is covered only one of them can be detected͒. For details see ͓1,5͔.
II. EXPERIMENT
The number of detected He fragments from the dissociation in flight after the analyzer of the HeNe 2ϩ molecular ions is given in Fig. 1 
where N 0 is the number of HeNe 2ϩ formed in the target cell, x and l d are the distances from the target cell to the analyzer exit and the detector, respectively, v is the beam velocity, and is the effective mean lifetime ͓1,5͔.
III. THEORETICAL METHODS

A. Potential-energy curves
The low-lying molecular states of the HeNe 2ϩ system which we investigated by ab initio quantum chemical molecular orbital calculations and the associated dissociation channels ͓6͔ are given in Table I . It should be noted that a series of atomic asymptotes is located between the asymptotes V and VI from Table I corresponding to He   ϩ   ϩNe   ϩ   *, where a nonvalence excited state of the neon atom is involved, such as 2s 2 2p 4 x 1 with xϭ3s,3p, etc. These states were not included in our investigation, since ͑i͒ they are expected to be completely repulsive ͑due to the large size of Ne ϩ *) and ͑ii͒ the one-particle description employed, although quite extensive ͑see below͒, is not optimized with respect to an adequate description of such nonvalence excited states of the atom and the corresponding molecular Rydberg states. Adiabatic potential-energy curves for all states included in Table I were calculated using the complete-active space self-consistent field ͑CAS-SCF͒ ͓7͔ and multireference configuration interaction method ͑MRCI͒ ͓8͔. In this approach, the zeroth-order wave function is generated by including all symmetry-adapted configuration state functions obtained by distributing the eight valence electrons in 2-4 and 1 molecular orbitals built from the 2s,2p͑Ne͒ and 1s͑He͒ atomic orbitals ͓the 1s ͑Ne͒ orbital was kept doubly occupied͔. Natural CAS-SCF orbitals were individually optimized for each electronic state and subsequently employed in the MRCI treatment, which covered all single and double excitations from the reference space described above ͑the 1s electrons of Ne were not correlated͒. The MRCI total energies E MRCI were corrected by the renormalized multireference Davidson correction ͓9͔ to obtain final energies E MRCIϩQ , which are approximately size extensive
Here, ⌬E c denotes the energy difference between the MRCI energy and the energy of the CAS-SCF reference wave function, and c 0 is the weight of the reference space in the total MRCI expansion. For the expansion of the molecular orbitals, a Gaussian basis set of the atomic natural orbital ͑ANO͒ ͓10͔ type was used. Following Widmark, Persson, and Roos ͓͓10͔͑b͔͒, a ͓7s7p4d3f͔ contraction of a (14s9p4d3 f ) primitive set was employed for neon and supplemented by two g-type functions with exponents of 3.18 and 1.272 ͑generated by an even-scaling procedure from one g exponent, energy optimized for the neon atom in a configuration interaction calculation with all single and double excitations͒. The corresponding helium basis has ͓7s4 p3d2 f ͔ contracted functions from a (9s4 p3d2 f ) primitive set. Only the pure spherical harmonic components of the basis functions were used, thus the one-particle set includes a total of 135 contracted Gaussian functions. Transition dipole moments between the different electronic states of HeNe 2ϩ were calculated from the CAS-SCF wave functions employing the CAS state interaction method ͓11͔ to avoid errors due to the nonorthogonality of the CAS-SCF wave functions of the same symmetry. All calculation were performed with the MOLCAS-2 and -3 suites of quantum chemistry programs ͓12͔ on IBM RS/6000 workstations.
Atomic test calculations ͑see Table II͒ demonstrate the performance of the MRCI method and the employed oneparticle basis for properties of interest for the present context. For the prediction of atomic energy levels ͓13͔, the largest error occurs in the second ionization energy of the neon atom, which is underestimated by 0.22 eV due to the incomplete treatment of the correlation energy. However, for the present purpose this accuracy in the ionization energies is acceptable on the background of the additional computational efforts associated with a further extension of the already fairly large basis sets to higher l-quantum numbers and of the n-particle space treatment, which would be required to bring the calculated ionization energies in better agreement with experiment. Considerably lower errors ͑max. 0.05 eV͒ occur for the electronic excitation energies of the neon ions, which provides confidence in the performance of the MRCI method for the treatment of the electronically excited states of HeNe 2ϩ . Finally, the calculated dipole polarizability of the helium atom almost matches the experimental value while the respective MRCIϩQ result for neon underestimates the experimental result by 4%, which is satisfactory for our purpose. Note that the SCF dipole polarizability in the employed basis amounts to 2.30 a.u., 0.07 a.u. lower than the SCF limit ͓14͔. Based on earlier studies ͓14͔, most of the discrepancy between our MRCIϩQ value of the dipole polarizability and the experimental number must be attributed to basis set incompleteness, in particular the lack of additional diffuse s and p functions.
Further information on the performance of the employed methods comes from a calculation on the X 2 ⌺ ϩ ground state of the singly charged HeNe ϩ ion ͑Table III, see below͒. Solving the nuclear Schrödinger equation in the respective MRCIϩQ potential, we obtain the following spectroscopic constants: R e ϭ2.702 a.u.; D e ϭ0.707 eV; and e ϭ956 cm
Ϫ1
. Unfortunately, the HeNe ϩ ground-state's experimental data seem not to be completely settled ͓15͔, but our theoretical results compare well to earlier MRD-CI calculations in the slightly smaller basis sets of Gemein, deVivie, and Peyerimhoff ͓͓15͔͑b͔͒ who obtained R e ϭ2.67 a.u., D e ϭ0.70 eV, and e ϭ857 cm
. A final test on the accuracy of the MRCI method for the treatment of electron correlation was performed for part of the X 1 ⌺ ϩ ground-state potential-energy curve of HeNe 2ϩ . In contrast to earlier the- oretical work using the configuration interaction method with significantly smaller basis sets ͓2͔, we find that both a distinct local minimum and local maximum, instead of only a broad shoulder, occur at around 2.0 and 2.5 a.u., respectively. The resulting metastable region of the potentialenergy curve supports a single vibrational level which was localized using the Numerov method. The MRCIϩQ potential-energy curve for this region is plotted in Fig. 2 together with the corresponding curves calculated from two single-reference Hartree-Fock ͑HF͒ based methods: ͑i͒ the coupled cluster approximation including all single and double excitations and a perturbative estimate of the triple excitations ͓16͔ ͓CCSD͑T͔͒, and ͑ii͒ the modified coupledpair functional ͑MCPF͒ approach ͓17͔. For cases in which the Hartree-Fock determinant represents already a good zeroth-order wave function of the system, the former approach usually picks up at least as much of the correlation energy as the MRCI scheme, while the latter is somewhat less rigorous but has been included since MCPF has frequently been used in similar calculations. If there were large differences between the potential-energy curves resulting from the three computational schemes, this would point to degeneracy problems in the wave function or to deficiencies in the treatment of the dynamical electron correlation. The corresponding total energies are given in Table IV . First note that in terms of total energies in the metastable region, the MRCIϩQ and CCSD͑T͒ approaches deviate by at most 1 mH, and thus the corresponding parts of the potential energy are quite similar. The total well depth is 182 meV in the MRCIϩQ potential-energy curve and 142 meV in the CCSD͑T͒ potential-energy curve. The location of the minimum is quite similar with both methods ͓2.000 a.u. MRCIϩQ and 1.998 a.u. CCSD͑T͔͒, while the CCSD͑T͒ maximum is at a slightly shorter He-Ne internuclear distance, consistent with the lower barrier height. The good qualitative and quantitative agreement with the CCSD͑T͒ calculation suggests that the chosen MRCIϩQ method for the calculation of the potential-energy curves should be reliable in terms of the treatment of dynamical electron correlation. On the other hand, the MCPF calculation recovers a significantly smaller fraction of the correlation energy ͑5-9 mH in the metastable region͒ albeit the qualitative shape of the metastable potential-energy curve is very similar to the other two methods ͑barrier height of 226 meV, minimum at 1.987 a.u., and maximum at 2.508 a.u.͒.
The MRCI expansions for all calculated electronic states 
Atomic term energies are weighted averages over the individual J levels from Ref. ͓13͔. Since the helium atom is a two-electron system, the ϩQ correction was not used.
c Reference ͓23͔.
are listed in Table V at Rϭ3.0 a.u. The calculated potentialenergy curves of the ground and excited electronic states of HeNe 2ϩ are presented in Fig. 3 . The incomplete set of MRCIϩQ numbers for the G state shown in Fig. 4 is due to severe root flipping problems in the CAS-SCF orbital optimization. The G and F states have been also calculated using the ground state CAS-SCF orbitals with no optimization ͑la-beled MRCI in Fig. 4͒ as explained in further detail below. The numerical potential-energy values are tabulated on the e-PAPS system ͓18͔. Finally, the transition dipole moments between the different electronic states of HeNe 2ϩ are given in Table VI .
B. Decay rates
Within the Born-Oppenheimer approximation, the excited bound electronic states of HeNe 2ϩ can only decay to the atomic fragments via initial dipole transitions to lower repulsive states, which dissociate spontaneously. Metastable excited states, such as the F 1 ⌺ ϩ state, can also decay by tunneling through the potential-energy barrier, while the metastable X 1 ⌺ ϩ ground state decays only by tunneling. We have calculated the average decay rate of each vibrational state for each relevant decay mechanism as discussed below in order to find states which agree with the experimental values.
Decay by tunneling
Metastable electronic states have a local minimum and thus can decay by tunneling through the potential-energy barrier. The energy of the resonant vibrational states as well as the tunneling decay rate ͑i.e., the resonance width͒ have been calculated using the phase-shift method described in detail in our previous work ͓19͔. The mean lifetimes of vibrational states decaying by tunneling decrease rapidly with increasing vibrational quantum number because the barrier they have to tunnel through becomes smaller. It is important to note that typically the mean lifetimes differ by large factors from one vibrational state to the other as can be seen from the exponential dependence in the known WKB tunneling rate formula ͓20͔ ͑in a.u.͒
where is the reduced mass of the molecule, which is of the order of a few thousand a.u. for common diatomic molecules. For example, factors of about three orders of magnitude have been calculated for highly excited vibrational states of NeAr 2ϩ in its electronic ground state ͓19͔. Large differences are also expected between the mean lifetimes of 
Decay by dipole transitions
Excited electronic states can decay by dipole transitions to lower states. These transitions are considered to be vertical, i.e., the nuclear motion is negligible relative to the dipole transition time. Thus, one can use the Born-Oppenheimer approximation. The Franck-Condon principle, on the other hand, is not expected to be valid for HeNe 2ϩ , because the dipole moments depend strongly on the internuclear distance, R ͑see Only coefficients ͉c͉Ͼ0.05 are given. c p 0 and p x denote the and components of the p-type atomic orbitals, the total population is denoted as ⌺.
wave functions of the vibrational states, v (R), were evaluated using the Fourier grid method ͓22͔.
IV. RESULTS AND DISCUSSION
The potential-energy curves of HeNe 2ϩ are shown in Fig.  3 for the dissociation limits listed in Table I ϩ Ne dissociation limit. The peculiar shapes of the potential energy curves of the F and G states call for further comment. First, a more technical point: near the local maximum of the F state potential-energy curve, the CAS-SCF orbital optimization procedure failed due to severe root flipping problems. The individual F state energies used for the plot in Fig. 3 were calculated in two separate runs, each approaching the barrier location from shorter and longer internuclear distances, respectively, and using the natural CAS-SCF orbitals from a neighboring point as an initial guess. A slight ͑about 3 mH͒ energy difference in the extrapolated barrier locations explains the weak discontinuity in the F state potentialenergy curve seen in Fig. 3 around Rϭ4.5 a.u. Root flipping and divergence problems for the G state were even more pronounced and could not be solved for internuclear distances RϾ3.8 a.u. Consequently, the long-range potentialenergy curve for this state could not be computed using individually optimized orbitals.
To overcome these problems, a second set of calculations of the F and G states was performed, where the natural orbitals, in which the MRCI wave function was expanded, were those from the CAS-SCF calculation of the X 1 ⌺ ϩ ground state. In these calculations the ϩQ correction was not applied, since the ground-state orbitals might be biased against either of the two excited states. The MRCI potentialenergy curves, thus obtained, are plotted in Fig. 4 . It is clearly recognized that in the adiabatic picture, states F and G, which have the same space and spin symmetry ( 1 ⌺ ϩ ) undergo an avoided crossing at around 4.6 a.u. As a consequence, the F state potential-energy curve exhibits a barrier and is therefore metastable. The minimum and maximum locations are at Rϭ3.099 and Rϭ4.641 a.u., respectively, and the barrier height amounts to 0.420 eV. This potential well supports five vibrational states for the 4 He 20 Ne 2ϩ isotope at 424, 1131, 1798, 2419, and 2984 cm Ϫ1 above its minimum. ͑These values were calculated neglecting the effect of tunneling on the vibrational levels.͒ Note that the extremum points lie at almost the same internuclear separations as in the MRCIϩQ treatment with individually optimized orbitals, which suggests that the use of the groundstate orbitals for the MRCI expansion of the F state yields physically meaningful results.
Utilizing a diabatic picture, i.e., where no dynamical couplings between the states occur and crossings between potential-energy curves of the same spatial and spin symmetry are allowed, the F state derives from the He 2ϩ ϩ Ne asymptote, which is intrinsically attractive due to the charge induced-dipole interaction ͓2͔. Conversely, the G state at shorter internuclear distances derives from the Coulombrepulsive Ne ϩ ( 2 S,3s 1 3 p 6 )ϩHe ϩ ( 2 S) asymptote. As a consequence of the avoided crossing, the G state potentialenergy curve also adopts a bound shape. The total well depth amounts to 9.7 mH, and the minimum is located at around 4.7 a.u., which supports 29 vibrational states for the 4 He 20 Ne 2ϩ isotope, for example. Given all these difficulties, the mean lifetime of the vibrational states bound to the G state are less accurate than those of the other states and they should be considered as estimates only. These estimates are, however, sufficient to compare the calculations with the experimental data ͑as discussed below͒. Now, let us focus on the X 1 ⌺ ϩ ground state shown in Fig. 5 . This state, according to our calculations, has a much deeper potential well than calculated previously by Montabonel, Cimiraglia, and Persico ͓2͑a͔͒ and others ͓2͑b-d͔͒. Furthermore, the local minimum of the present potentialenergy curve is 0.1743 Hartree lower than the previous one. Note that there is even a qualitative difference between the sets of calculations while ours sustains a resonant vibrational state, the older ones do not. The previous potentialenergy curve ͓2͑a͔͒ was computed using an MRCI approach based on only four reference configurations, HF-SCF From: orbitals and employing a much less flexible 6-311 G * ͑i.e., 4s3 p1d and 3s for Ne and He, respectively͒ one-particle description than in the current investigation. Consequently, the expansion of the MRCI wave function employed in Ref.
͓2͑a͔͒ is significantly less accurate than the one constructed in our present study, leading to the quantitative and qualitative differences between the two sets of calculations. It should be noted that the reason for the occurrence of a barrier in the ground-state potential-energy curve can be attributed in a diabatic picture to an interaction of this state with the high-lying state correlating with the He 2ϩ ϩ Ne asymptote as indicated previously by Mercier, Chamband, and Levy ͓2͑d͔͒. As mentioned above, the metastable groundstate potential-energy curve is deep enough to sustain a single vibrational state which decays by tunneling through the potential-energy barrier. The energy of the 4 He 20 Ne 2ϩ ground state, E vϭ0 ϭϪ129.737 a.u., and its mean lifetime, vϭ0 ϭ11 ps, have been calculated using the phase-shift method ͑see Sec. III B͒. This short mean lifetime makes it impossible to detect the HeNe 2ϩ ground state in our measurements. This result is in agreement with the prediction that it is very unlikely to detect the HeNe 2ϩ in its ground state made by Frenking et al. ͓3͔ based on their computed potential-energy curve which agrees well with the results of Montabonel, Cimiraglia, and Persico ͓2͑a͔͒.
Tunneling decay rates of isotopes with different reduced masses are expected to vary by large factors as discussed in Sec. III B ͑see also Ref. ͓4͔ for an example calculation͒. The measured mean lifetimes of the three HeNe 2ϩ isotopes are 55Ϯ10, 72Ϯ14, and 184Ϯ32 ns for the ͑3,20͒, ͑3,22͒, and ͑4,20͒ combinations ͑i.e., ϭ4775, 4833, and 6077 a.u.͒, respectively. These differences are much smaller than those expected for tunneling, suggesting that the long-lived HeNe 2ϩ molecular ions decay by dipole electronic transitions to lower dissociating states. This conclusion guided our theoretical search for the appropriate states of each isotope.
The electronic dipole decay rates at a fixed R ͑around 
The F 1 ⌺ ϩ state can also decay by tunneling ͑see text͒. 
Dipole transitions to state: Tables IX and X for all measured isotopes. Some of the vibrational states ͑printed in bold face͒ are in good agreement with the measured decay rates shown in Fig. 1 Ne 2ϩ isotope: In the first figure it is shown that collisions which populate the v f ϭ5, 6 vibrational states bound to the G 1 ⌺ ϩ electronic state originate preferentially from the v i ϭ5 state of the parent molecular ion. This is due to the required overlap between the initial and final vibrational wave functions. In the second figure we show the respective vertical transitions to populate the vibrational states of interest of the remaining four electronic states which may have been measured. In Table VIII we summarize the information we have about the states with calculated mean lifetimes in agreement with experiment. The energy needed for the transition E exc is also given in the table. Using the information listed in Table VIII one can argue that the G 1 ⌺ ϩ state should be the least likely of the five to be populated in the charge-stripping collisions because a higher excitation energy is needed. Furthermore, this state is populated from the highest initial vibrational state which is typically a smaller fraction of the incoming HeNe ϩ beam, because singly charged molecular ions produced in rf ion sources, like the one used in our accelerator, typically have a Boltzmann distribution of vibrational states with an effective temperature of a few thousand degrees, thus On the other hand, the excitation energy needed for the charge-stripping transition is lowest for the d 3 ⌸ state, and thus, the lowest transition energy favors the d 3 ⌸ state over the others while the initial vibrational state feeding it is least populated. Therefore, qualitative arguments based on the charge-stripping mechanism forming the long-lived HeNe 2ϩ cannot help to exclude any of these states, even the G 1 ⌺ ϩ state which is expected to be the least likely according to the argument given above cannot be excluded because the transition energy and initial population differences are not that large. Thus the number of possible electronic states associated with the measured longlived HeNe 2ϩ molecular ions cannot be reduced from five. In order to determine the relative population of each of these long-lived states in the charge-stripping collisions additional measurements are needed, such as spectroscopy of the emitted photons or measurements of the kinetic energy released upon dissociation. Given the very low rate for HeNe 2ϩ production ͑typically, a few per second͒ the latter approach is more promising. Another possible approach is to conduct a quantitative theoretical study of the transition probabilities to the different electronic states of HeNe 2ϩ in fast HeNe ϩ ϩ Ar collisions, and by that determine the relative importance of these long-lived states.
Finally, note that out of the five possible electronic states, three have the same 1 ⌺ ϩ symmetry as the electronic ground state. Thus, the argument used commonly that long-lived excited electronic states which decay via initial dipole electronic transitions should have a different symmetry than the dissociating states below them is not always valid.
V. SUMMARY
The mean lifetimes of two additional isotopes of the longlived HeNe 2ϩ molecular ion were measured. have vibrational states which decay at rates consistent with the measured decay rate for all isotopes measured. These states decay by dipole transitions to lower dissociating states, a decay mechanism for which only small isotopic effects are expected. Additional measurements are needed to determine the relative population of these longlived states in HeNe ϩ ϩAr charge-stripping collisions. Finally, the new calculations of the X 1 ⌺ ϩ ground electronic state indicate that it is metastable in contrast to being unbound as predicted in previous calculations. However, the only vibrational resonance in the ground-state potentialenergy curve has a mean lifetime of ϳ11 ps, too short to be detected in our measurements.
